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Blood pressure (BP) is often measured sloppily, not only in clinical practice, where seemingly
more important cardiovascular information, such as ejection fraction, cardiac output, and
wedge pressure, is available, but also in clinical trials. Yet, definite conclusions often hinge on
accurate BP measurements. In the Heart Outcomes Prevention Evaluation (HOPE) study,
the conclusion of the benefits being relatively independent of BP was challenged by 24-h
ambulatory BP monitoring in a subgroup that documented a larger fall in BP than reported
in the whole population. Whether measured in office or clinical trials, BP is an important
clinical tool that should be treasured by practitioners and clinical investigators alike. (J Am
Coll Cardiol 2002;40:2201–3) © 2002 by the American College of Cardiology Foundation
“The measurement of blood pressure is likely the clinical
procedure of greatest importance that is performed in the
sloppiest manner” (1). Blood pressure (BP) is an extremely
labile hemodynamic parameter; it varies from heartbeat to
heartbeat, from morning to evening, from winter to sum-
mer, from sleeping to awake, and from sitting to standing.
The same holds true, however, for any other cardiovascular
hemodynamic parameter, such as heart rate, cardiac output,
ejection fraction, or pulmonary wedge pressure. Information
that is based on more invasively obtained hemodynamic
measurements is often considered more pertinent than
information based on a simple BP recording. Many of our
colleagues have become somewhat nonchalant about taking
BP, particularly when extensive and seemingly more mean-
ingful hemodynamic information is available, as is often the
case for cardiologists. In a survey of 114 participants, not a
single physician completely followed all the techniques of
BP measuring that were recommended by the American
Heart Association (2). Yet, numerous studies have docu-
mented that BP measured carefully under standardized
conditions in the physician’s office (3) is one of the most
powerful and reliable prognosticators available.
Nonchalance or, to use Kaplan’s less euphemistic term,
sloppiness in taking BP is not only encountered in daily
practice, but also in large randomized, prospective trials in
patients with coronary heart disease, congestive heart fail-
ure, and, horribile dictu, even in studies on hypertension. Not
uncommonly in these trials, BP data are not available at all,
were taken at random in a nonstandardized way, or, even
worse, were referred to as presence or absence of a history of
hypertension. In the Prospective Randomized Evaluation of
the Vascular Effects of Norvasc Trial (PREVENT) (4) and
the Quinapril Ischemic Event Trial (QUIET) (5), both of
which compared antihypertensive drugs (amlodipine or
quinapril, respectively) against placebo in patients with
coronary artery disease, information regarding BP is either
lacking or insufficient, making interpretation of the findings
very difficult. Even in some studies in which outcome
hinged on lowering BP with antihypertensive therapy,
patients in whom BP data were missing altogether were
diagnosed as having hypertension “by other criteria” (6).
Yet, most often when these studies are analyzed, the
question as to the effect of the cardiovascular drug on BP
suddenly becomes increasingly important. Even small dif-
ferences in BP that seem to have little clinical significance
can translate into impressive morbidity and mortality ben-
efits. In the Swedish Trial in Old Patients with Hyperten-
sion (STOP) study, a 4-mm decrease in diastolic pressure
led to a 50% reduction of cardiovascular events in diabetic
hypertensive patients (7).
Even more to the point is the Heart Outcomes Preven-
tion Evaluation (HOPE) trial (8,9), which must be consid-
ered a landmark study attesting to the efficacy of
angiotensin-converting enzyme (ACE) inhibitors in reduc-
ing cardiovascular events in patients with vascular disease.
Yet, in the HOPE study, information pertaining to BP
measuring is rather meager. The authors merely state in the
discussion part of the paper: “We assessed blood pressure by
cuff pressures, which is the normal approach in clinical
practice…” (8). Because the difference between patients on
ramipril and those on placebo was only 3/2 mm Hg, the
authors, on the basis of these BP measurements, thought that
the impressive benefits observed were chiefly the result of ACE
inhibitor therapy and less related to the fall in BP. Indeed, in
the accompanying editorial, Francis (10) appropriately stated
that ACE inhibitors “appear to have effects on the vasculature,
heart, and kidneys that go far beyond their rather small blood
pressure-lowering effects.” More recently, Yusuf (11) noted
that the “HOPE’s 32% reduction in strokes was three times
that expected by blood pressure alone.”
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Recent data on 24-h ambulatory BP monitoring in the
HOPE study challenge this view. In a subset of patients
who underwent ambulatory 24-h BP monitoring, Svensson
et al. (12) documented a significant decrease in systolic and
diastolic pressure with ramipril when compared with pla-
cebo, greatly exceeding the values hitherto reported in the
HOPE study. Although ramipril did not significantly re-
duce clinic BP, average 24-h ambulatory BP was reduced by
10/4 mm Hg (p  0.03), and this reduction was distinctly
more pronounced during the nighttime by 17/8 mm Hg (p
 0.001) (Fig. 1). Because ramipril was dosed in the
evening, it is not surprising that the greatest difference in
BP occurred during the nighttime, and the antihypertensive
effect was weakening progressively throughout the day, at
the time it was measured in the physician’s office.
In the Systolic Hypertension in Europe (Syst-Eur) study,
ambulatory systolic BP was a better predictor of cardiovas-
cular risk than was conventional BP (13). In fact, nighttime
systolic BP most strongly predicted cardiovascular mortality,
all cardiovascular end points, and fatal and nonfatal stroke
(13). Similarly, Verdecchia et al. (14,15) reported in more
than 1,100 patients followed for up to seven years that
ambulatory BP stratified cardiovascular risk independent of
clinical BP. One might argue that the small subset of
patients in the study of Svenson et al. (12) may not have
been representative for the whole population in the HOPE
study. However, even if this were the case, most if not all
HOPE results could be explained by the reported reduction
in BP (16), and there is little reason to invoke ancillary
(nonhemodynamic) properties of ACE inhibitors in general
or ramipril in particular. Indeed, even the authors of the
substudy admitted “the effects on cardiovascular morbidity
and mortality seen with ramipril in the HOPE study may,
to a larger extent than previously ascribed, relate to the
effects on blood pressure patterns over a 24-h period.”
Of note, the fact that the impressive benefits of an ACE
inhibitor in the HOPE trial were (at least to some extent)
mediated by the fall in BP should not by any means
diminish the status of the HOPE study as a landmark trial.
Two lessons remain to be learned:
1. Blood pressure should be measured in a rigorous and
standardized way in all trials of cardiovascular drugs,
even in those trials not designed to primarily assess
antihypertensive efficacy. Additionally, 24-h ambulatory
BP monitoring should be done in a representative
subsample of the study population.
2. Blood pressure, when measured carefully in the physi-
cian’s office, remains one of the most powerful and most
accurate determinants of cardiovascular status and future
cardiovascular events. The mere fact that BP measure-
ments are inexpensive, easily obtainable, and noninvasive
should not diminish their clinical importance. Clearly,
this simple clinical tool should be respected and treasured
by investigators in clinical trials and all practicing phy-
sicians alike.
Abbreviations and Acronyms
ACE  angiotensin-converting enzyme
BP  blood pressure
HOPE  Heart Outcomes Prevention Evaluation
PREVENT  Prospective Randomized Evaluation of the
Vascular Effects of Norvasc Trial
QUIET  Quinapril Ischemic Event Trial
Syst-Eur  Systolic Hypertension in Europe
Figure 1. Comparison of cuff blood pressure (BP), 24-h ambulatory BP (ABPM) and nighttime ambulatory BP in the Heart Outcomes Prevention
Evaluation (HOPE) study and in a HOPE substudy.
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